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5.0 Pre-Operational Formation Testing Program 

5.1 Introduction 

This section describes the pre-operational formation testing program implemented to characterize 
the chemical and physical features of the injection zone and confining zone at the Marquis 
BioCarbon Project. The pre-operational testing program meets the testing requirements of Title 
40 of the U.S. Code of Federal Regulations Section 146.87 (40 CFR 146.87) and well 
construction requirements of 40 CFR 146.86. The pre-operational testing program provides and 
verifies the depth, thickness, mineralogy, lithology, porosity, permeability, and geomechanical 
information of the Mt. Simon Sandstone (carbon dioxide [CO2] storage formation), the overlying 
Eau Claire Shale (confining layer), and other relevant geologic formations. In addition, pre-
operational testing data are used to provide baseline information for the site that will be used for 
comparative purposes throughout the project. For example, fluid samples collected during the 
pre-operation testing will be used as a reference to identify geochemical changes in samples 
collected during injection operation that may result from the injection of CO2. 

Well (MCI MW 1) was drilled in Q4 of 2021 (Permit No. 010858) and was used to provide the 
pre-operational testing information. This well is located 1.2 miles northwest of the proposed 
injection location (Figure 5-1). Marquis will use the MCI MW 1 well as a far field monitoring 
well under the Class VI program. Limited additional pre-operational testing data will be 
generated during the installation of the MCI CCS 3 well, but most of the data collected during 
the installation of the MCI CCS 3 well will be used for comparative purposes to the MCI MW 1 
well data to confirm homogeneity across the site. 

This document describes the extensive and complete logging, coring, fluid sampling, and 
formation hydrogeologic testing that was performed in the MCI MW 1 well. The data generated 
from the pre-operational testing performed on MCI MW 1 has been provided in the Project 
Narrative (Permit Section 1) and has been incorporated into the site static earth and dynamic 
models (Permit Section 2). This section also describes the planned program for confirmation and 
final data gathering in the MCI CCS 3 well. These data may also provide baseline information 
for the characteristics of the site and specific methods for baseline data collection are provided in 
the Testing and Monitoring Plan (Permit Section 7). 
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Mt. Simon 
Sandstone 

3,270 - 3,282, 
3,852 - 3,864, 
4,410 - 4,422, 
4,684 - 4,696 

Mini-Frac Test Fracture Pressure 

 3,710, 4,105 Triaxial Test Rock strength, Ductility, Poisson’s 
Ratio, Young’s Modulus 

 3,350 Rock 
Compressibility 

Rock Compressibility 

 Full Interval Dipole Sonic & 
Cross Dipole Log 

Ductility, Stress, Poisson’s Ratio, 
Young’s Modulus 

 Full Interval Caliper Stress Direction 

 Full Interval Image Log Fracture characterization, stress 

Table 5-7: Geomechanical characterization in-situ field tests conducted, and parameters collected during 
the installation of the MCI MW1 well. 
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Figure 5-2: Sidewall core (SWC), Whole Core (Core), and Drill Stem Test (DST) sample locations with 
wireline log data from MCI MW 1 
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5.2.7 Hydrogeologic Characteristics of the Mt. Simon Sandstone 

 The following tests were performed on the MCI MW 1 well to evaluate the hydrogeologic 
characteristics of the storage formation: 

• Drill Stem Tests (DSTs) 
• Pump or injectivity tests, coupled with pressure fall-off monitoring 
• Flowmeter logging. 

DSTs can be injection tests or pumping tests; both were performed as part of the MCI MW 1 
characterization. These tests are performed by isolating the zone of interest with open 
borehole packers. These tests provide estimates of hydrologic properties in the region near the 
wellbore, such as initial formation pressure, transmissivity, average hydraulic conductivity, 
storativity, and borehole skin effects.  

Four DSTs were performed for hydraulic characterization in the Mt. Simon Sandstone during 
the drilling of the MCI MW 1 well (Table 5-8). Additional DSTs were performed in the above 
confining zone formations. These DSTs were focused on the collection of fluid samples from 
these formations to confirm USDW depth and to have a baseline for future sample 
measurements.  

Pressure fall-off (PFO) testing involves the measurement and analysis of pressure data from a 
zone in a well after it has been shut in following a period of injection. PFOs provide valuable 
information on parameters such as borehole skin effects, injectivity, transmissivity, formation 
boundary conditions, and average permeability; that can be used to characterize the storage 
formation and constrain the dynamic model. PFO testing was performed at five intervals 
(including the composite Mt. Simon test) in the Mt. Simon formation to determine the 
hydraulic properties of the reservoir, as listed above. The PFO testing followed periods of 
injection, and the duration was dependent upon the time required for the pressure to return to 
near-baseline conditions. The data from the PFO were incorporated into the models for the 
injection site described in the AoR and Corrective Action Plan (Permit Section 1) and the 
Project Narrative (Permit Section 2) of this permit application. 

Flowmeter logging is a method for identifying zones of fluid inflow or outflow within an open 
borehole. A flowmeter logging survey is conducted by running a wireline-deployed flowmeter 
logging tool across the open borehole section under static and dynamic conditions. Dynamic 
logging runs are conducted while either injecting fluid into the well or withdrawing (i.e., 
pumping) fluid from the well at a constant rate. Typically, several logging passes are made at 
different constant logging speeds (e.g., 30 to 60 ft/minute). For most testing applications, 
commercially available mechanical flowmeters can be used successfully. Temperature, density, 
and pressure probes run in conjunction with the flowmeter provide additional information to help 
identify zones of fluid entry into the borehole.  

Two separate dynamic flow (flowmeter) tests were performed across the open borehole of the 
MCI MW 1 well following the other hydrogeologic testing. These flowmeter tests were 
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Once injection commences, injection pressure, annular pressure, and annular fluid volumes 
will be monitored continuously to ensure internal well integrity and proper annular pressure is 
maintained (Testing and Monitoring Plan, Permit Section 7.0). 

5.3.5.2 External Mechanical Integrity (146.87 (a)(4) (ii – iv)) 

External mechanical integrity refers to the absence of fluid movement/leaks through channels 
between the long casing string and the borehole or the intermediate casing string. Migration of 
fluids through this zone could result in contamination of USDWs. The external integrity of the 
wells that penetrate the caprock will be confirmed throughout the project.  

Generally accepted methods for evaluating external mechanical integrity include the following: 

• Temperature or noise log 
• Oxygen-activation logging or radioactive tracer logging  

A baseline temperature measurement will be acquired from surface to TD (0 to approximately 
5,000 ft) of the injection casing string to provide initial temperature conditions over the well 
(Section 5.3.4). Temperature measurements acquired after injection has started will be 
compared to this log to determine if anomalies are present in the subsequent logging events 
that may be attributed to external integrity issues (Testing and Monitoring Plan, Permit 
Section 7.0). If the temperature measurement data suggest an issue with external well 
integrity exists, an oxygen-activation logging run will be performed to evaluate external well 
integrity with greater sensitivity.  

In addition to the baseline temperature log, a CBL-VDL and an advanced ultrasonic cement 
evaluation log will be run over the entire depth of the long casing string shortly after 
completion of the MCI CCS 3 well to confirm that the casing string was properly cemented. 
CBL-VDLs are recorded with sonic tools that detect the bond of the casing and formation to 
the cement between the casing and wellbore to identify damage. Ultrasonic tools provide 
higher accuracies and resolutions for cement evaluation. 

5.4 MCI CCS 3 Well Core Program (146.87 (b)(d)) 

Whole and side wall cores were collected from the MCI MW 1 well. These core analyses will 
serve as the primary geologic characterization for the injection site, and no additional coring 
efforts are planned for the MCI CCS 3 well. The data from the core analyses performed on the 
samples collected from the MCI MW 1 well have been incorporated into the static earth and 
dynamic models discussed in the Project Narrative (Permit Section 1) and the AoR and 
Corrective Action Plan (Permit Section 2.0). However, if wireline log data gathered from the 
MCI CCS 3 well display unique results or results that are inconsistent with the data from the 
MCI MW 1 well or if required by the UIC Director, additional side wall cores may be 
collected during the installation of the MCI CCS 3 well.  
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5.5 MCI CCS 3 Well: Fluid Sampling and Analysis (146.87 (b – d)) 

Characterization of reservoir fluids was performed using samples acquired from the MCI MW 
1 well. The analytical results from these samples were used to: 

• Determine the deepest USDW. Identified as the Gunter Sandstone at the site 

• Provide baseline geochemical conditions in the injection reservoir (Mt. Simon 
Sandstone), the deepest water bearing zone above the caprock (Galesville Sandstone), 
and the deepest USDW (Gunter Sandstone) 

• Evaluate geochemical reactions that may occur during the injection of the CO2 that 
could affect the porosity and/or permeability of the reservoir or caprock formations 

The results of the geochemical analyses performed on these samples are discussed and have 
been incorporated into the Project Narrative (Permit Section 1) and the AoR and Corrective 
Action Plan (Permit Section 2.0). 

The deepest USDW will be confirmed in the injection through resistivity logging and no 
additional fluid sampling is planned for the MCI CCS 3 well. If the wireline data display 
inconsistent or unique results compared to the data from the MCI MW 1 well or if required by 
the UIC Director, additional samples will be collected for geochemical analyses.  

The analyses performed on the fluid samples collected from the MCI MW 1 well provide 
baseline geochemical conditions of the aquifers at the injection site. These data will be used 
for comparative purposes through the operational/injection and post-injection phases of the 
project. Additional details on the sampling and analysis of samples collected throughout the 
remainder of the project are provided in the Testing and Monitoring Plan and Post-Injection 
Site Closure Plan (Sections 7.0 and 9.0 respectively). 

5.6 MCI CCS 3 Well Geomechanical Testing (146.87 (d)) 

The geomechanical characterization for the site was completed using data from the MCI MW 
1 well; however, additional samples will be collected and/or analysis will be performed on the 
MCI CCS 3 well, if required by the UIC Director. The geomechanical data collected from the 
MCI MW 1 well were used in the static and dynamic models for the site, described in 
Sections 1.0 and 2.0 in this permit application.  

 

 

5.7 MCI CCS 3 Well Hydrogeologic Characteristics (146.87 (e)) 
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Hydrogeologic characterization of the injection site was performed through testing conducted 
at the MCI MW 1 well (discussed in Section 5.2.7), and limited additional testing is planned 
for the MCI CCS 3 well. Data from the hydrogeologic testing on the MCI MW 1 well were 
used in the development of the dynamic flow models to determine the CO2 plume geometry 
and distribution. These data are discussed in the AoR and Corrective Action Plan (Permit 
Section 2.0).  

Flowmeter testing is planned for the MCI CCS 3 well to confirm the zones within the Mt. 
Simon Sandstone which accept the greatest amount of flow during injection. These data will 
be used to determine the best perforation strategy for the MCI CCS 3 well. The flowmeter 
testing will be performed by injecting brine into the open borehole after it has been drilled to 
TD and running a flowmeter tool across the open hole interval. Two flowmeter tests are 
planned for the MCI CCS 3 well. One test will examine the flow conditions across the entire 
open borehole (below the intermediate casing) and the other will focus on the Mt. Simon 
Sandstone by setting a packer at the base of the Elmhurst Formation. 

Additional hydrogeologic testing may be performed as required by the UIC Director. 

5.8 MCI CCS 3 Well Schedule (146.87 (f)) 

Marquis Carbon Injection LLC will provide the UIC Director with the opportunity to witness all 
logging and testing by this subpart. Marquis Carbon Injection LLC will submit a schedule of 
such activities to the UIC Director 30 days prior to conducting the first test and submit any 
changes to the schedule 30 days prior to the next scheduled test. 

Figure 5-3 and Table 5-13 provide a tentative schedule based on the numbers of days to complete 
each task. It is anticipated that the drilling schedule can be updated once the Class VI permit is 
received. 
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Figure 5-3: Tentative drilling schedule for the MCI CCS 3 well. 

  






